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© Process for the preparation of fatty acid esters. 

© In the preparation of fatty acid esters, reactants providing 
fatty acid and alcohol residues are reacted to produce said fatty 
acid esters in the presence of a lipase enzyme acting as 
catalyst. This reaction is conducted in a substantially non- 
aqueous homogeneous liquid phase, the lipase being physically 
attached by adsorption to a hydrophobic porous solid support 
material of average pore size not less than 50 nm. The support 
is preferably a highly porous polymer, e.g. vinyl-based. 
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Description 

PROCESS FOR THE PREPARATION OF FATTY ACID ESTERS 

This invention relates to processes for the preparation of esters by reaction of reactants providing fatty acid 
and alcohol residues under the influence of lipases as catalysts. One application of the invention is to the 
5 rearrangement of fats and vegetable oils under the influence as rearrangement catalysts of lipases. 

In the rearrangement of fats and vegetable oils their fatty acid constituents are rearranged to a greater or 
lesser extent on the triglycerides of which the fats and oils are largely composed, according to the catalyst 
selected for the reaction. Under the influence of alkali metals, their hydroxides and alkoxides, the 
rearrangement is invariably random. In a more recently developed method described in US-A-4275081 using 

10 lipase catalysts, the rearrangement may be random or selective according to the lipase selected and additional 
fatty acid radicals present as free acid or alkyl esters in the reactant compositions may participate. As 
described in this and other references, the enzyme Is preferably fixed on a inert support material which may be 
inorganic and/or organic and the reaction may be operated batchwise or continuously, in the presence or 
absence of solvents for the reactant and at temperatures and other conditions at which the reactants are in 

15 liquid, homogeneous, water-immiscible phase and the catalyst is active. 

Whereas rearrangement processes under the influence of alkali metal catalysts must be conducted with 
water rigorously excluded in order to avoid side reaction with the production of soap and loss of catalytic 
activity, enzyme catalysts require a small amount of water for activation throughout the reaction. Sufficient 
water may be provided in feedstock In the case of continuous reactions in which the enzyme is fixed on a 

20 catalyst support in a bed through which the feedstock passes, the amount of water usually being less than 1% 
and even as little as 0.1 o/o by weight of the feedstock. In the presence of substantially greater amounts of water 
than this, the catalyst remains active but the reaction is directed to the production of hydrolysis products with 
loss of triglycerides. On the other hand, attempts to minimise the amount of water present results in decrease 
of catalyst activity. 

25 Similar considerations apply, in regard to the limited amount of water permitted, in esterification reactions 
carried out under the influence as catalyst of lipase enzymes (including alcoholysis reactions) in which the 
alcohol residue of an ester - which may of course be a glyceride ester such as a triglyceride - is replaced by 
that of another alcohol. These reactions share with rearrangement processes the necessity for maintaining the 
presence of water in very small amounts in the reaction system in order to avoid the production of undesired 

30 hydrolysis products. 

In re-arrangement processes and related processes described which are carried out in the presence of very 
limited amounts of water under the influence as catalyst of a supported enzyme lipase, the enzyme is 
deposited on support material offering a large surface area which may be inorganic, for example silica and its 
derivatives including in particular Celite (trade name for diatomaceous earth), or organic, for example ionic 

35 exchange resins having a macroreticular structure in the pores of which the enzyme can be accommodated. 
Hitherto in these reactions the attachment of the enzyme to the support material has been effected physically 
by precipitating the enzyme on a hydrophilic support surface, or as described in EP-A-147914 by the 
application of an organometalllc coupling compound to bind the enzyme chemically to the carrier while forming 
a hydrophobic environment, or by ionic attachment to Ion exchange material as described in EP-A-140542. 

40 Ionic attachment of enzymes to modified polystyrene polymer is described in US-A-4551482. Preparation of a 
polymer surface, which is initially hydrophobic, by soaking in a dilute solution of a long-chain cationic 
surfactant, prior to enzyme immobilization is described in US-A-4539294. 
The object of the invention is to provide improved processes for preparation of fatty acid esters. 
Improved processes have now been found for rearrangement of triglycerides and other reactions for 

45 producing esters in a subtantially non-aqueous homogeneous reaction system under the influence of a 
supported active lipase catalyst in which the attachment of the enzyme to support material is effected to a 
hydrophobic porous surface of the said support material, preferably by adsorption from solution. 

Although the reaction of the invention takes place in a substantially non-aqueous phase, some water is 
required to be associated with the enzyme. 

50 This amount of water is almost immeasurably small. For example saturation of the non-aqueous phase with 
water is sufficient; indeed 50% or more of saturation may be sufficient. No aqueous phase is present. 

Suitable support material for use in the present invention includes macroreticular polyolef ins including 
polyethylene and polypropylene and, in general, homopolymers and copolymers in which the polymeric unit is 
ethyienic, including vinyl and vinylidene units, for example polyvinyl and polyvinylidene, halides, polyurethane 

55 and polycarbonates. Other synthetic support material includes polymers and copolymers of butadiene and 
isoprene, polyesters, polyamides, e.g. nylon and the like. Natural polymers suitable for use in the invention 
include natural rubber and gutta-percha. Such materials must be made porous and this may be effected by the 
application of blowing agents during polymerisation. Inorganic porous materials e.g: glass and refractory 
material e.g. silicas whose surface has been rendered hydrophobic by e.g. silane treatment, are also suitable. 

60 To achieve good immobilization of the enzyme, the average pore size of support material is not less than 50 
nm, particularly 0.05-5 microns. By average pore size we mean the mean pore diameter as measured by the 
standard techniques of mercury porosimetry. Particle size of suitable material is preferably 0.01-5 mm, 
especially 0.1-1.5 mm for polyolefins and 0.5-3 mm for refractory materials such as silica. 
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Enzymes supported on hydrophobic material are described in US-A-4629742 where they are used for 
hydrolysis of fats. Particularly useful synthetic polymers in the present invention are those prepared by the 
high internal phase emulsion technique described in EP-A-60138. These are polymeric materials based on 
polyvinyls for example polystyrene. 

Preferably therefore the support material comprises a porous polymeric material having a total pore volume 5 
of at least 50% and comprising a plurality of voids interconnected by holes, the voids having an average 
diameter within the range of from 1 to 150 jim. The total pore volume is more preferably at least 75%, e.g. 90% 
or more. 

Further details concerning suitable porous materials for use in the present invention can be found in the 
above mentioned EP-A-60138 and additionally in EP-A-105634, EP-A-156541, EP-A-157504, GB-A-2155481, 10 
EP-A-200528, EP-A-223574, EP-A-2393560, EP-A-240342, EP-A-264268, EP-A-289238, EP-A-288310 and 
European patent application 88306447.9 (corresponding to USSN 219231 filed 15 July 1988). Each of these 
patent specifications describes a porous material which conforms to the present porosity requirements. In all 
cases the material can be made by polymerising starting materials in the form of a high internal phase emulsion 
which can either be a water-in-oil emulsion, an oil-in-water emulsion or an emulsion formed between any two 15 
sufficiently immiscible solutions. By "water* we means aqueous based and by "oil" we means immiscible with 
aqueous systems. The materials described In the different specifications differ in their starting materials 
and/or end properties. All of the just mentioned patent specifications are hereby incorporated by reference. 

Japanese patent publication J84091883 describes a preparation of supported enzyme by contacting an 
enzyme solution with styrene or methacrylic acid esters. Styrene polymers are proposed as enzyme support 20 
material In Russian patent specification SU 804647. Hog et al (JAOCS 61, (4) April 1984, pp. 776-81) describes 
glyceride synthesis under the influence as catalyst of lipase immobilised on a hydrophobic porous support 
material e.g. polypropylene, in a heterogeneous reaction mass comprising immiscible aqueous and 
non-aqueous phases. 

Alternative supports useful in the invention are inorganic refractory materials e.g. silica or glass. Such 25 
material may have a hydrophobic organic silica polymer coating. 

Suitable enzymes for use in the invention include lipases from lipase species of the genuses Mucor , 
Aspergillus , Rhizopus , Pseudomonas , Candida , Humicola, TTiermomyces and Penicillium . 

The reactants used in the invention to provide fatty acid and alcohol residues preferably comprise glyceride 
esters, e.g. at least one of a fat and an oil. 30 

One preferred reactant system comprises glyceride esters together with at least one free fatty acid or alkyl 
ester thereof. 

EXAMPLES 

To illustrate the invention, there are given below a number of Examples. These examples do not limit the 
invention. 

In these Examples, a variety of supports for the lipases is used. Their characterization is as follows: 

EP-100, EP^400, EP-900 40 
Obtainable from Enka, Netherlands 

Type: macroporous particles of polypropylene (EP-100, EP-400) or polyamide (EP-900) having large cells 
(voids) interconnected by holes. 
Trade Name: Accurel 



50 



55 



60 



65 
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10 



15 



20 



25 





EP-1Q0 


EP-400 


EP-900 


Particle 


0.2-0.4 


0.2-0.4 


0.2-0.4 


size (mm) 








Pcre 


32 


0.6 


0.8 


volume 








(ml/g) 








Surface 


92 


2 


8 


area 








(m 2 /g) 








Bulk 


0.15 


0.20 


0.21 


density 








(g/ml) 








Mean pore 


139 


1207 


373 


diameter 








(nm) 








Cell size 


0.5-5.0 


1.0-5.0 


0.5-3.0 


(imi) 








Hole size 


0.05-0.5 


0.1-0.5 


0.05-0.3 


(um) 








Void 


75 


75 


75 


volume 








(°/o) 









30 



35 



S.980G 

Obtainable from Shell 

Type: porous silica spherical particles 



Particle size 
Pore volume 
Surface area 
Bulk density 
Mean pore diameter 



1.5 mm 
1.2 ml/g 
63 m 2 /g 
0.4 g/ml 
60 nm 



40 



45 



50 



55 



60 



5693-93, 78-7300 

Obtainable from National Starch & Chemical Ltd, UK 

Type: macroporous polystyrene particles having large cells (voids) interconnected by holes, made by 
emulsion polymerization with the monomers In the external phase and a high internal phase volume. Total pore 
volume is greater than 90<Vo. 



Surface area 
(BET) 
Pore size 
distribution 
Mean pore 
diameter 
Total pore 
volume 



5693-93 
11.3 m 2 /g 



78-7300 
6.3 m 2 g 



500-7000 nm 1000-6000 nm 
1686 nm 3360 nm 



4.7 ml/g 



5.1 ml/g 



AMBERLITE XE-305 

Obtainable from Rohm & Haas 

Type: macroporous polystyrene particles 



Surface area (BET) 
Pore size distribution 
Mean pore diameter 



43.7 m 2 /g 
30-200 nm 
55 nm 



65 
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PG-2000-120 

Obtainable from National Starch & Chemical Co. Ltd. 
Type: controiled-pore glass beads 

5 

Surface area 11.1 m 2 /g 

Mean pore diameter 205,9 nm. 

10 

EXAMPLE 1 

i) Immobilization 

8 grams of EP 100 was added to 100 ml. ethanol and stirred vigorously to ensure that all powder was : 
wetted. 60 ml excess ethanol was decanted and 200 ml of 0.1 M phosphate buffer pH 7.0 was added and stirred 15 
to ensure complete mixing. Excess buffer was removed, by gentle suction on a sintered glass funnel. The 
wetted powder was then added to 100 ml 0;1M- phosphate pH 7.0 containing 10.0g 1,3 selective Mucor miehei 
lipase powder (obtainable from Novo, Denmark) and stirred slowly. The adsorption of lipase by the polymer 
was assessed by loss of lipase activity from solution. After 28 hours the support had adsorbed 93% of the. 
lipase activity, giving a theoretical loading of 16,000 LU/g (Lipase units/g). The catalyst was removed by 20- 
filtration, washed twice with 200 ml of-0.1M.phosphate.pH 7.0 and dried under vacuum at room temperature.' 

ii) Interesterification 

2.0g of catalyst was packed in a column 15 mm in diameter, together with 4g wet ID silica gel (obtainable 
from Crosfields, UK) containing 3.2g. water as a pre-column. Water-saturated feedstock comprising. 1 part high 25 
oleate. sunflower oil, 0.7 parts lauric acid and 4 parts petroleum ether (BP 100-120°) by weight, was. pumped 
through the column at aflow rate of 25.0 ml/hour and:the column maintained at 50° C using a water jacket, the 
amount of lauric acid incorporated into the triglyceride was determined by FAME/GC analysis. (Fatty Acid' 
Methyl Ester/Gas Chromatography analysis). 

A control experiment was carried out under similar conditions, using a proprietary catalyst "Lipozyme" 30 
(Novo) based on Mucor miehei lipase on an. ion. exchange resin (hydrophilic). The results are compared in the 
Table 1 which gives the triglyceride analysis of the feedstock oil and the product of reaction. 

TABLE 1 



Fatty acid 


Feedstock 


Product 


in 


oil 






trigly- 








cerides 




EP100 


Upozyme 


C10:0 


0.0 


0.0 


0.3 


C12:0 


0.0 


26.2 


17.2 


C14:0 


0.0 


0.0 


0.6 


C16:0 


3.7 


1.6 


2.6 


C18:0 


4.7 


2.2 


3.6 


C18:1 


84.9 


65.5 


69.3 


C18:2. 


6.3 


4.5 


6.0 


C20:0 


0.4 


0.0 


0.4 



40 



45 



EXAMPLE 2 

Example 1 was repeated three times using as catalyst supports EP100, EP400 and EP900 powders 
respectively and. with a different lipase. The lipase, was Rhizopus niveus ( Amano N obtainable from Armano, 55 
Japan). Preparation was as described in Example 1 except that theoretical lipase loadings of 10,000 Lu/g were 
obtained. The results are shown in Table 2. 



60 



65 
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TABLE 2 



5 



15 



Fatty acid in 


Feedstock oil 




Product 




triglycerides 








traUU 




EP100 


EP400 


\j IU.U 


0.0 


0.0 


0.0 


0.3 


C12:0 


0.0 


28.5 


29.0 


28.4 


C14:0 


0.0 


0.9 


0.5 


0.8 


C16:0 


3.7 


1.6 


1.6 


1.6 


C18:0 


4.7 


22 


2.0 


2.1 


C18:1 


84.9 


62.3 


61.6 


62.2 


C18:2 


6.3 


4.5 


4.4 


4.4 


C20:0 


0.4 


0.0 


0.0 


0.0 



From Table 1 it is clear that replacement by lauric acid is substantially greater with hydrophobic catalyst 
support, compared with the effect of the hydrophilic material, and from Table 2 that good results are also 
obtained with other supports and another enzyme. 

20 

EXAMPLE 3 



i) Support preparation and immobilization of enzyme 

25 5g of silica spheres S.980G were rendered hydrophobic by shaking gently in 100 ml 1,1 ,1-trichloroethane 
containing 10g dimethyl dichlorosilane for £ hour. After filtering and washing twice with 100 ml of the 
trichloroethane the spheres were dried at room temperature under reduced pressure. The silanised spheres 
were gently shaken in 50 ml of ethanol to ensure complete wetting and 100 ml 0.1 M sodium phosphate buffer 
at pH7 was added with gentle shaking to ensure complete mixing. After decanting excess buffer, 50 ml 

30 aqueous lipase solution ( Mucor Miehei at 1 ,000 Lu/ml activity) was added and shaken with the spheres for 16 
hours. The spheres were then filtered, washed twice with a buffer solution and dried as before. 

ii) Interesterification 

The resulting catalyst was used in the rearrangement method described in Example 1, using as feedstock 
35 0.53 parts lauric acid and 0.27 parts myristic acid per part of sunflower oil. Triglyceride analysis results appear 
in Table 3. 



TABLE 3 



40 



Fatty acid in 
triglycerides 


Feedstock oil 


Product S980G 


C10.0 


0.0 


0.1 


C12.0 


0.0 


14.6 


C14.0 


0.0 


6.6 


C16.0 


3.7 


2.3 


C18.0 


4.7 


3.1 


C18.1 


84.9 


68.4 


C18.2 


6.3 


4.9 


C20.0 


0.4 


0.0 



The results in Table 3 show that excellent substitution of the unsaturated acids in the sunflower oil by the 
lauric and myristic acids takes place under the influence of the supported enzyme. 

55 

i) Preparation of porous support 

A high internal phase water-in-oil emulsion was formed in which the oil phase comprised styrene, 
divinylbenzene and surfactant Span 80 (4.42, 0.44 and 0.88 kg respectively) and the aqueous phase contained 
water, sodium persulphate and calcium chloride (44.25, 0.097 and 9.0 kg respectively). Span 80 is sorbitan 

60 mono-oleate. The emulsion was subjected to 30 minutes post-formation sheer at 85 rpm. Polymerisation was 
subsequently carried out at 60° C over 40 hours. The resulting polymer was milled, then sieved to the desired 
particle size and soxhlet-extracted with isopropanol to remove Span 80 followed by washing with de-ionised 
water and finally dried. Microscope examination indicated, that the polystyrene material had a porosity of 900/o, 
a cell (void) size of at least 30|im, an interconnecting hole size of at least 10 urn and a particle size of 1 .0 to 2.0 

65 mm. 
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ii) Immobilization 

Polymer (2.0g) was placed in absolute ethanol (135 ml) to fully wet the polymer. Excess ethanol (120 ml) was 
decanted and 0.1 M sodium phosphate buffer pH 7.0 (200 ml) was added and gently stirred for 2 hours to 
ensure complete mixing. Excess solution was decanted (195 ml) and a further quantity of buffer (200 ml) added 5 
and stirred for 10 minutes. Excess solution was again decanted (200 ml). Lipase solution (100 ml) 0.1 M sodium 
phosphate pH 7 containing 7.4g of the lipase Rhizopus Niveus (Amano) was added and gently stirred. The 
adsorption of lipase was monitored by loss of activity from solution by assay. After 24 hours the polymer had 
adsorbed 92.7% of the lipase activity giving a theoretical loading of 9,270 LU/g polymer. 

The polymer was removed by filtration, washed twice with phosphate buffer (200 ml) and dried under 10 
vacuum at room temperature. 

Hi) Interesterification 

The above catalyst was assessed for interesterification activity as follows: The sample (100 mg) was placed 
in a reaction vial and a solution containing 0.5g olive oil, 0.129g myristic acid and 10.0 ml petroleum ether (bp 15 
10O-120°C) added. The vial was sealed and placed in a waterbath (with shaker) at 40°C. Samples were taken 
after 1 hour and the amount of myristic acid incorporated into the triglyceride determined by FAME/GC 
analysis. 

The results are shown in Table 4 together with results with Lipozyme catalyst ( Mucor miehei lipase on an 
ion-exchange resin, from Novo). The Novo Lu Assay is a conventional standard assay to determine enzyme 20 
activity. 



TABLE 4 



Catalyst 


Interesterifica- 


Novo Lu Assay 


tion (o/o 


(limoles/min/ 




myristic acid 


g) 




incorporated) 


Polystyrene 


7.9 


2238 


Lipozyme 


10.6 


557 



30 



EXAMPLE 5 55 

i) Immobilization 

To hydrophobic macroporous polystyrene particles 5693-93 (2.0g) was added 30 ml ethanpl with stirring to 
ensure all the polymer particles were wetted. To this was added 200 ml 0.1 M sodium phosphate buffer (pH7) 
with stirring to ensure complete mixing. Excess solution was decanted off and a further quantity of 200 ml 40 
buffer containing 47.5 ml Mucor miehei lipase solution (Lipozyme, Novo) was added. The solution was gently 
stirred. The adsorption of lipase by the porous polymer was monitored by loss of activity from the solution. 
After 167 hours the support had adsorbed 680/o of the lipase activity giving a theoretical loading of 173,100 
LU/g. The catalyst was removed by filtration, washed twice with 0.1 M phosphate buffer (200 ml), and dried 
under vacuum at room temperature. 45 

ii) Interesterification 

A mixture of the catalyst (0.25g) and the same support (0.705g) without lipase was packed into a column 15 
mm in diameter together with 4g wet ID silica gel (Crosfields) containing 3.2g water as a pre-column. 
Water-saturated feedstock comprising 1 part high oleate sunflower oil, 0.7 parts lauric acid and 4 parts 50 
petroleum ether (bp 100-120°C) by weight was pumped through the column which was maintained at 50°C 
using a water jacket. The amount of lauric acid incorporated into the triglycerides was determined by 
FAME/GC analysis. The Initial activity was calculated from flow rate and degree of conversion and was found to 
be 8.5g triglyceride processed/hour/g catalyst (this calculation is explained at the end of this specification). 

■ ' .55 

EXAMPLE 6 
i) Immobilization 

To hydrophobic macroporous polystyrene particles 78-7300 (2.0g) was added 35 ml ethanol with stirring to 
ensure all the polymer particles were wetted. To this was added 200 ml 0.1M sodium phosphate buffer (pH7) 60 
with stirring to ensure complete mixing. Excess solution was decanted off and a further quantity of 200 ml 
buffer containing 20 ml Mucor miehei lipase solution (Lipozyme, Novo) added. The solution was gently stirred. 
The adsorption of lipase by the porous polymer was monitored by loss of activity from the solution. After 47,5 
hours the support had adsorbed 85% of the lipase activity giving a theoretical loading of 92,600 LU/g. The 
catalyst was removed by filtration, washed twice with 0.1 M phosphate buffer (200ml) and dried under vacuum 65 
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at room temperature, 
ii) Interesterification 

A mixture of the catalyst (025g) and the same support (0.69g) without lipase was packed into a column 
5 15mm in diameter together with 4g wet ID silica gel (Crosfields) containing 3.2g water as a pre-column. 
Water-saturated feedstock comprising 1 part high oleate sunflower oil, 0.7 parts lauric acid and 4 parts 
petroleum ether (bp 100-120°C) by weight was pumped through the column which was maintained at 50°C 
using a water jacket. The amount of lauric acid incorporated into the triglycerides was determined by 
FAME/GC analysis. The initial activity was normalised for flow rate and degree of conversion and was found to 
10 be 7.5g triglyceride processed/hour/g catalyst. 

EXAMPLE 7 

i) immobilization 

15 To hydrophobic macroporous polypropylene particles EP-100 (2.0g) was added 20 ml ethanol with stirring to 
ensure all the polymer particles were wetted. To this was added 200 ml 0.1 M sodium phosphate buffer (pH7) 
with stirring to ensure complete mixing. Excess solution was decanted off and a further quantity of 500 ml 
buffer containing Mucor miehei lipase solution (Upozyme, Novo) added and the solution gently stirred. The 
adsorption of lipase by the porous polymer was monitored by loss of activity from the solution. This was done 

20 for three different amounts of lipase solution. The amount of enzyme added and the theoretical loadings 
achieved are given in Table 5 below. The catalyst was removed by filtration, washed twice with 0.1 M phosphate 
buffer (200 ml) and dried under vacuum at room temperature. 

ii) Interesterification 

25 

A mixture of the catalyst and the same support without lipase (in vrying ratios, depending on the activity of 
the supported enzyme - see Table 5) was packed into a column 15 mm In diameter together with 4g wet ID 
silica gel (Crosfields) containing 3.2g water as a pre-column. Water-saturated feedstock comprising 1 part 
high oleate sunflower oil, 0.7 parts lauric acid and 4 parts petroleum ether (bp 100-120°C) by weight was 
30 pumped through the column which was maintained at 50° C using a water jacket. The amount of lauric acid 
incorporated into the triglycerides was determined by FAME/GC analysis. The initial activity was normalised 
for flow rate and degree of conversion. The results are given in the Table 5 below (under A). 

Hi) Esterification 

35 The catalyst (50 mg) was placed in a vial and a water-saturated mixture containing oleic acid (5.88g, 92%, 
from BDH, UK) and octan-1-ol (2.70g, GPR, from BDH) was added. The vial was seaJed and placed in a 
water-bath at 50°C and left for 1 hour with continuous shaking (200 strokes/min). A sample (0.20 ml) was 
removed and immediately eluted down a small alumina column (basic, activity 2) with diethyl ether together 
with a solution (020 ml) of petroleum ether (bp 60-80° C) containing methyl stearate (5 mg) as an internal 

40 standard. The diethyl ether was then removed by evaporation and replaced by petroleum ether (bp 60-80° C, 
6ml). The ratio of octyl oleate to methyl stearate was then determined by GLC. From this ratio the rate of ester 
formation was calculated and the results given in the Table 5 (under B). 

TABLE 5 



Lipase solution 


Theoretical loading 


Activity 




(ml) {% adsorbed) 


(LU/g) 


A 


B 


6.6 98.5 


35,700 


2.3 


66 


48.0 92.2 


244,800 


34.0 


330 


308.0 80.0 


1,188,000 


63.6 


546 



A = Interestification activity, g triglyceride/hour/g catalyst. 



B = Esterification activity, micromoies ester/hour/mg catalyst. 



EXAMPLE 8 
60 i) Immobilization 

To the hydrophobic macroporous polymer particles of Amberlite XE-305 (2.0g) was added 20 ml ethanol 
with stirring to ensure ail the polymer particles were wetted. To this was added 200 mi 0.1 M sodium phosphate 
buffer (pH7) with stirring to ensure complete mixing. Excess solution was decanted off and a further aliquot of 
100 ml buffer containing 5.5 ml Mucor miehei lipase solution (Lipozyme, Novo) added and the solution gently 
65 stirred. The adsorption of lipase by the porous polymer was monitored by loss of activity from the solution. 



8 



:EP 0322 213 A2 



After 2 hours the support had adsorbed 75.7% of the lipase activity giving a theoretical loading of 21 ,600 LU/g. 
The catalyst was removed by filtration, washed twice with 0.1 M phosphate buffer (200 ml) and dried under 
vacuum at room temperature. 

ii) Interesterification 

A mixture of the catalyst (1 .0g) and the same support (1 .0g) without lipase was packed into a column 15 mm 
in diameter together with 4g wet ID silica gel (Crosfields) containing 3.2g water as a pre-column. 
Water-saturated feedstock comprising 1 part high oleate sunflower oil, 0.7 parts lauric acid and 4 parts 
petroleum ether (bp 100-1 20° C) by weight was pumped through the column which was maintained at 50° C 
using a water jacket. The amount of lauric acid incorporated into the triglycerides was determined by 
FAME/GC analysis. The initial activity was normalised for flow rate and degree of conversion and was found to 
be 2.0g triglyceride processed/hour/g catalyst. 

EXAMPLE 9 

i) Immobilization 

To hydrophobic macroporous polymer particles EP-100 (2.0g) was added 20 ml ethanol with stirring to 
ensure all the polymer particles were wetted. To this was added 200 ml 0.1 M sodium phosphate buffer (pH7) 
with stirring to ensure complete mixing. Excess solution was decanted off and a further quantity of 200 ml 
buffer containing 37.0g Rhizopus niveus lipase solution (Lipase N, Amano) added. The solution gently stirred. 
The adsorption of lipase by the porous polymer was monitored by loss of activity from the solution. After 22 
hours the support had adsorbed 900/o of the lipase activity giving a theoretical loading of 38.400 LU/g. The 
catalyst was removed by filtration, washed twice with 0.1 M phosphate buffer (200 ml) and dried under vacuum 
at room temperature* 

ii) Interesterification 

A mixture of the catalyst (0.25g) and the same support (0.36g) without lipase was packed into a column 15 
mm in diameter together with 4g wet ID silica gel (Crosfields) containing 3.2g water as a pre-column. 
Water-saturated feedstock comprising 1 part high oleate sunflower oil, 0.7 parts lauric acid and 4 parts 
petroleum ether (bp 100-120°C) by weight was pumped through the column which was maintained at 50°C 
using a water jacket. The amount of lauric acid incorporated into the triglycerides was determined by 
FAME/GC analysis. The initial activity was normalised for flow rate and degree of conversion and was found to 
be 35.0 g triglyceride processed/hour/g catalyst. 



EXAMPLE 10 



I) Immobilization 

To hydrophobic macroporous polymer particles EP-100 (2.0g) was added 20 ml ethanol with stirring to 
ensure all the polymer particles were wetted. To this was added 200 ml 0.1 M sodium phosphate buffer (pH7) 
with stirring to ensure* complete mixing. Excess solution was decanted off and a further aliquot of 200 ml buffer 
containing 2 ml Humicola sp. lipase solution (SP398/PPW2542, Novo) added. The solution gently stirred. The 
adsorption of lipase by the porous polymer was monitored by loss of activity from the solution. After 2 hours 
the support had adsorbed 97<>/o of the lipase activity giving a theoretical loading of 61,700 LU/g. The catalyst 
was removed by filtration, washed twice with 0.1 M phosphate buffer (200 ml) and dried under vacuum at room 
temperature. 

ii) Interesterification 

A mixture of the catalyst (0.5g) and the same support (0.465g) without lipase was packed into a column 15 
mm in diameter as a pre-column. Water-saturated feedstock comprising 1 part high oleate sunflower oil, 0.7 
parts lauric acid and 4 parts petroleum ether (bp 100-120°C) by weight, was pumped through tije column 
which was maintained at 50° C using a water jacket.. The amount of lauric acid incorporated Into the 
triglycerides was determined by FAME/GC analysis. The initial activity was normalised for flow rate and degree 
of conversion and was found to be 5.8g triglyceride processed/hour/g catalyst. 

iii) Esterrfication 

The same catalyst (50 mg) was placed in a vial and a water-saturated mixture containing oleic acid (5.88g, 
92o/o, BDH) and octan-1-ol (2.70g, GPR, BDH) was added. The vial was sealed and placed In a water-bath at 
50° C and left for 1 hour with continuous shaking (200 strokes/min). A sample (0.20 ml) was removed and 
immediately eluted down a small alumina column (basic, activity 2) with diethyl ether together with a solution 
(0.20 ml) of petroleum ether (bp 60-80° C) containing methyl stearate (5 mg) as an internal standard. The 
diethyl ether was then removed by evaporation and replaced by petroleum ether (bp 60-80° C, 6 ml). The ratio 
of octyl oleate to methyl stearate was then determined by GLC. From this ratio the rate of ester formation was 
calculated and was found to be 20 mlcromoies/hour/mg catalyst. 
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EXAMPLE 11 

i) Silanisation 

Controlled-pore glass beads PG-1200-120 (3.0g) were dried in an oven at 105°C for 15 minutes. When cool, 
5 a solution of dimethyldichlorosilane (6.7 ml) in 1 ,1 ,1-trichIoroethane (27 ml) was added and the beads stirred. 
After 1.25 hours, the beads were filtered, washed with 1,1,1-trichloroethane and dried under vacuum at room 
temperature. 

ii) Immobilisation 

10 The silanised beads (3.0g) were allowed to stand in ethanol (100 ml) for 16 hours to ensure that the support 
was wetted. An aliquot (50 ml) of ethanol was removed and replaced with 0.1 M sodium phosphate buffer (50 
ml) at pH7. After stirring for a few minutes, an aliquot (50 ml) of the buffer/ethanol solution was withdrawn and 
an additional aliquot (50 ml) of phosphate buffer solution was added. Stirring was continued for a few more 
minutes before excess gas in the pores of the support was removed by application of a vacuunvto the surface 

15 of the liquid. A final aliquot (50 ml) of the buffer/ethanol solution was then withdrawn, followed by the addition 
of a further aliquot (250 ml) of buffer solution containing Mucor miehel lipase solution (3.5 ml) (Lipozyme, 
Novo). The solution was gently stirred. The adsorption of lipase by the porous glass beads was monitored by 
the loss of activity from the solution. After 25.75 hours the beads had adsorbed 91 .7<Vo of the lipase activity to 
give a theoretical enzyme loading of 1 1 ,774 LU/g. The catalyst was isolated by filtration, washed with an aliquot 

20 (400 mi) of 0.1 M sodium phosphate buffer solution, and then dried under vacuum at room temperature. 

iii) Interesterification 

The catalyst (3.0g) was packed into a column 15 mm in diameter together with 4g wet ID silica gel 
(Crosfields) containing 32g water as a pre-column. Water-saturated feedstock comprising 1 part high oleate 
25 sunflower oil, 0.7 parts lauric acid and 4 parts petroleum ether (bp 100-120° C) by weight, was pumped through 
the column which was maintained at 50° C using a water jacket. The amount of lauric acid incorporated into the 
triglycerides was determined by FAME/GC analysis. The initial activity was normalised for flow rate and degree 
of conversion and was found to be 1.3 g triglyceride processed/hour/g catalyst. 

30 Activity calculation (used in Examples 5 to 11) 



Activity = -ln(l-DC) x Flowrate 
wt. catalyst (g) 



Flowrate = g Triglyceride/hour through column 

40 

Degree of conversion (DC) = 

% incorporation lauric - % initial content 
% equilibrium content - % initial content 



In this work, initial lauric content = 0 
equilibrium content - 31.3% 

50 



Claims 

55 

1. Process for the preparation of fatty acid esters comprising the step of reacting reactants providing 
fatty acid and alcohol residues so as to produce said fatty acid esters in the presence of a lipase enzyme 
acting as catalyst and in a substantially non-aqueous homogeneous liquid phase, characterized in that 

60 said lipase is physically attached by adsorption to a hydrophobic porous solid support material of average 

pore size not less than 50 nm. 

2. Process according to claim 1 wherein said reactants comprise glyceride esters. 

3. Process according to claim 2 wherein said glyceride esters comprise at least one of a fat and an oil. 

4. Process according to claim 2 or claim 3 wherein the reactants include at least one free fatty acid or at 
65 least one alkyl ester of a free fatty acid. 
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5. Process according to any one of claims 1 to 3 wherein the support material comprises a porous 
polymeric material having a total pore volume of at least 50<>/o and comprising a plurality of voids 
Interconnected by holes, the voids having an average diameter within the range of from 1 to 150 [im. 

6. Process according to claim 5 wherein the porous polymeric material has a total pore volume of at 
least 9QO/o. 

7. Process according to any one of claims 1 to 6 wherein the support material comprises natural or 
synthetic porous polyolefins. 

8. Process according to any one of claims 1 to 7 wherein the support material comprises vinyl or 
vinylidene polymers. 

9. Process according to any one of claims 1 to 6 wherein the support material comprises polyamides or 
polyesters. 

10. Process according to any one of claims 1 to 9 wherein the average pore size of the support material is 
from 0.05 to 5 microns. 

11. Process according to any one of claims 1 to 4 wherein the support material comprises refractory 
material. 

12. Process according to claim 1 1 wherein the support material comprises silica. 

13. Process according to claim 11 or daim 12 wherein the surface of the support material carries a 
hydrophobic organic silica polymer coating. 

1 4. Process according to any one of claims 1 to 4 wherein the support material comprises glass. 
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